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A female fetus with brain malformations, 
multicystic kidneys, absence of the right 
thumb, and a posterior cleft of palate was 
delivered at 32 weeks of geRtation. Cytoge- 
netic studies including FISH showed a novel 
intrachromosomal triplication of the proxi- 
mal long arm of chromosome 2 (qll^-q21), 
resulting in tetrasomy for this segment. The 
middle repeat was inverted. At least 11 pa- 
tients with intrachromosomal triplications 
have been reported, mostly involving chro- 
mosome 16q. The mechanism involved in 
formation of these rearrangements is com- 
patible with U-t3T>c exchange events among 
three chromatids. Am, J. Med. Genet. 82:312- 
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INTRODUCTION 

Intrachromosomal triplications producing partial 
tetrasoinies lure rare but have been reported for five 
different chromo6omG3. We describe an infant with 
cerebral, renal, and digital malformations associated 
with a previously unreported intxachromosomal trip- 
licaticn involving the proximal long arm of chromo- 
some 2. 

CLINICM. REPORT 

A 32'Week female fetus in double footling breech pre- 
sentation was delivered by C-section to a 27-year'old, 
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Pig 1. Malfonncd female fetus at autopty with Potter f»de« caused b* 
oljigo>iydr*TOiii«. Th« ricKt t>rmnK h ■beent. although it n not well dem- 
onstrated in this view. 
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puneous, snd aUfivc eibs were healthy v.-iib „„ obsetv- 

de" T«^*'. J^f -P"'^^'^ P-""^! care and 

a CfS^l complamed of lower abdominal pain 
a. i no fetal movement on the day of delivery Ultraso- 
no^aphy showed no amniotic floid, a large h^ad W 

SMnt^ ^""^ "'^ 50 at birth {with no 

^^^^/s^Xxr' 

623ll"ffe Tif 'l' ^'"^ e (expected 1.413 ± 
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4-1 g) with norma! chambers and vessels Tl,. -i 
phragm was intact. The kidneys were l^te^fn tlf' 
appropriate retroperitoneal n^k ar^S b^Twer "m^r 

69 8 g combined; expected 12.6 ± 6.0 g combinedt R»' 

3 cm and had gelatinous contents The nr^t^, 
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Tlie brain weighed 150 g (expected 196 - 92 gl- 230 

^th n rh'::^"'*''^ cerebrospinal fluid was p^resent 
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raarkable, with no anomalies of tlie spine 
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Fig. 2. lC4>ntinu^d.} 



The placenta (300 g; expected 362 x 79 g) [Singer et 
al., 1991) had numerous, email, round, shiny, 2 to 5 mm 
nodules on the amoiotic surface consistent with am- 
nion nodosum associated with oligohydramnios. 

Histological examination of the kidneys showed cor- 
ticaj, epithelial-lined cysts and primitive tubules sur- 
rounded by mesenchyme with isolated clusters of glo- 
meruli (Fig. 2B}. The hypoplastic lungs had unex- 
panded alveoli and norraal-appearing blood vessels. 
Brain sections showed poorly developed cortex with es- 
sentrally complete neuron migration but no gyral for- 
mation. The cerebellar cyst wall contained disorga- 
nized neuroglial elements and vessels in a thin lamina 
extending around the pons and medulla. Sections of the 
thymus, heart, liver, spleen, pancreas, ovaries, and 
adrenal glands showed no histological abnormalities. 

RADIOGRAPmC FINDINGS 

Anteroposterior and lateral full body films showed 
very significant macrocrania relative to body size. Bi- 
lateral dislocated hips were present. There were 12 
ribs. Views of the right hand showed an absent thumb 
and hypoplasia of the 5th middle phalanx (i.e., unilat- 
eral 5tli finger clinodactyly). No other significant ab- 
normalities were observed 



CYTOGENETIC STUDIES 

Long-term cultures of fetal lung tissue obtained at 
autopsy were earned out. Fibroblasts were harvested 
30 min afler addition of colcemid (0.025 lig^ml; Life 
Technologies, Gaithersburg, MD). Chromosomes were 
GTG banded. All metaphases studied had an abnormal 
chromosome 2. Segment qlL2-q21 was triplicated (Fig. 
3A) with the middle repeat inverted based on inspec- 
tion of the banding pattem- 

FISH analyses were performed by use of a chromo- 
some 2 painting probe (Ventana Medical Systems, Tuc- 
son, AZ). Chromosome preparations on a glass slide 
were denatured in 70% formamide/2x SSC at TCC for 
2 min followed by dehydration in 70, 80, 90%,' and ab- 
solute alcohol. Ten microliters of the probe were ap- 
plied to the slide, and the slide was coversUpped and 
sealed. Following overnight incubation at 37*6 in a hu- 
mid chamber, the slide was washed in Ix SSC at 72*C 
for 5 min. Detection was with rhodamine-labeled anti- 
digoxigenin and 4,6-diamido-2-phenylindole (DAPI) as 
the counterstain. Both chromosome 2s were painted 
uniformly from end to end (Fig. 3B). Uniform painting 
confirmed that all of the additional material was de- 
rived from cliromosome 2 and not from another chro- 
mosome. 
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Normal Rbnarmal 2 

2 trp(2)(q11.2q21) 



46,KK,trp(2)(qn.2q2l) 

Fi£. a. Aj GTG-bandtd chromosome 2 poir The left, imate shows a norm*! chromosome 2 and the normal qH .2^1 «eemeRt. The richt iiuae« sh<7ws 
»n «bnormA] chromosome 2 with tripikated qll5-<{21 (arrov*! indicate direction* of the repeated Momenta}. B; FISH ttu^ using a chromosonre 2 
painting ptot>«. The normal ehromosom* 2 {arrowhead) and the abnormal chromosome 2 flong arrow) are omformly painted. 



The parent* declined to provide blood samples for 
chromosome or DNA studies. 

DISCUSSION 

Partial duplications of the proximal long arm of chro- 
mosome 2 have been reported previously. Mu et al. 
[1984] described a 3-year-old girl with direct duplica- 
tion of qn.2-ql4.2. She bad developmental delay, short 
stature, microcephaly, and congenital glaucoma, Cooke 
et al. 119951 reported a 7 -year-old boy with direct du- 
plication of qn.2-q21. TTie pheootype included devel- 
opmental delay with ear and genital anomalies. Glass 
e! al. [19981 observed a 37-year-old woman and her 
6{j-year-old mother with partial trisomy for qll.2-q21.1 
resulting from an insertion into chromosome 8. Both 
had short etature with mental retardation and were 
treated for-a psychotic disorder. 

In contrast, this case shows that triplication of the 
proximal long arm (partial tetrasomy) of chromosome 2 
^qll.2-q21) is associated with a more severe, lethal con- 
dttion. The combination of midhne brain malforma- 
ti' ns, dysplastic kidneys, a radial ray malformation, 
ai.d cleft palate is compatible with invoJvement of the 
midline during blastogenesis [Opitz, 1993; Martinez- 
FVi'as and Farias, 1997]. 

At least U cases of intrachromosomal triplications 
have been reported since 1993 (Table I). Seven of the 11 
cases involved chromoson\c region 15qll-ql3, support- 
ing the interpretation that 15q is prone to this kind of 
rearrangement. At least six of the triplications, involv- 
105 2q, 5p, 7p, and 15q, had inversion of tJie middle 
rt peat, suggesting a similar mechanism of origin dur- 
ing meiosis. Parental chromosomes were analyzed in 



BIX cases and were reported to be normal. la the seven 
cases in which the parental origin of the abnormal 
chromosome was assessed, the triplicated chromosome 
was maternally derived in six, and one was p>atema] 
Preponderance of maternal triplications may be be- 
cause of the longer prophase 1 of oogenesis. 

Schinzel et al [1994] suggested that intrachrcmo- 
somal triplication can arise from a dicentric, inverted 
duplication chromosome. Breakage of the dicentric 
chromosome and recombination with a normal chromo- 
some could lead to triplication. More complex mecha- 
nisms involving multiple recombinations or parental 
rearrangements have also been hypothesized [Rivera 
et al., 1998; Long et al.. 1998). 

An intrachromosomal triplication with an inverted 
middle repeat may also arise from mechanisms involv- 
ing U-typc exchanges among three chromatids. The ex- 
changee may involve homologous and sister chromatids 
(Fig. 4A) or homologous chromatids only (Fig. 4B). U- 
type exchanges involving only homologous chromatids 
could form a dicentric chromosome as an intermediate 
(Fig. 4B). The triplication chromosome should contain 
DNA polymorphisms from both homologous chromo- 
somes, because each contributes either one or two seg- 
ments to the triplication by this mechanism. However, 
Harrison et al. 11998] showed evidence for a rearranged 
chromosome with DNA poljTnorphisms derived from a 
single chromosome without markers from its homo- 
logue. Therefore, exchanges among three chromatids 
may not be the only way in which triplication occurs. 

In their patient with triplication of 15qll-ql3, Ixng 
etal (1998) found a supernumerary bisatellited, dicen- 
tric marker chromosome shown to be an inv dup(15) 
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TABLE 1. Summary of Reported C«£e£ With Intrachrotnoeomal Triplicaticn* 



Case 



1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 



Triplicated 



2q37 
5pl4-pl5^ 
7p21-S-p22 
9p22-pter 
15qll-ql3 
15qll-ql3 
15qll-ql3 
15qll-qlS 
ISqllnqia 
15qll-ql3 
l&qll-ql3 
2qll,2-q21 



A^e of 
patient 



15 years 
Newborn 
2 7««r8 
Infani 
2 4/12 years 
7 moathfi 
7 years 
40 years 
17 ycare 
6 yearB 
4 yearB 
Ncwbora 



repeat 
mvcrted 



Addibonal 
abnormality 



Parental 
chromosome€ 



Pareotal 
ortgin 



Refierence 



Yes 



Yes 
Yes 



Yes 
Ym 



No 
No 
idic (9) 
No 
No 
No 
No 
No 
No 

inv dup (15) 
No 



Normal 
Normal 
Normal 
Normal 



Normal 



Normal 
Not tested 



Matemal CD 



Maternal (2) 
Maternal (2) 

Maternal C2) 

Maternal (-) 
Paternal (2) 
Maternal (2) 



Raoch et 1996 
Harrison et al^ 1998 
Rivera et al., 1998 
Batanian et al^ 1994 
Holowinslty et al.. 1993 
Hobwinsky et al., 1993 
SdiiDtd et a!.. 1994 
Crawford et aL, 199S 
Chadwick et aL, 1996 
Cassidj et el., 1996 
Lone et eL, 1998 
This report • 



' indkatce information w«« not reported. The 9p22-pter triplicatifln In cas« 4 reported ae "mix inv«roian tripKcation," without specific ((Mcnptioo 
of wluch MgnMnt wu inverted. Psrenta] origin with ■ (2) indicate* th«t boUx matMiu] or both t>atem&i elleUs w«re involved in th« triplitttion, whereas 
"maternal (ir inilicatM that only 1 inatcmal «llel« w«« dciect«A 



with a break point proximal to the Ioc\ib for small 
nuclear nTxmucleoprotein- associated polypeptide N 
iSNRPN). The partially triplicated chromosome 15 and 
th€ dicentric chromosome were seen in all cells exam- 
ined. Both of our proposed mechanisms can produce a 
dicentric chromosome as a reciprocal product, "niere- 
fore, the reported 15q triplication and associated inv 



dup(15) arc compatible with the 3 -chromatid exchan^ 
models followed by cosegregation of two rearranged 
chromosomes (Fig. 4). 

The 3-chromi»tjd exchange mechanism was proposed 
earlier for a Droeophila triplication tSlizynska, 1968], 
The triplication was induced by mustard gas and also 
contained an inverted middle repeat. The original 
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Pig 4 Mod<U for intriichn]n>o*otn*l tnpliailions, Diagrenw ii«r^ V-typ« •xcKancc evenU invo^^^ug bwtlect chrom<J9ome« Bnd the rwulting cn 
mosome stnicturM. Chramocom« with triplicaUons h-v* airowlMads .lonB8>d*. which indicate orieotaUone U th« LnpHcoi^id cement*. A^*""; 
chmrooeomw maHted with a^terieU C). are prtsiiined to lost .t the r.ert cefl dmaion. CWgrefetion of reerrangrd <ivromo*om« cont. nmi 
cent/^n.*.^ eculd c*cur ,n either model. How<rv«. we have not shcrwii the various po^ible ouU»n>e« of chroffioaame Eep™gat>«^ in tbe« djacra'*^- 
Model with U-lyp* exchange* Involving homolopja. (1) .nd «i«t«r chromaudi (2). B: Model with h-iypt^ ench«n€« (1 and 2) involving hocioiop^ 
chromatidn. 



model assumed that chemical mutagenesis caused 
•opening and rejcixiing of latent breaks" in chromo- 
somes. 

"In sumnmry, intrachromosomaJ triplications have 
now been observed for at ieast five different chromo- 
somes, A 3-chromatid exchange mechanism may ex- 
plain formation of triplications as well aj aseociat«d 
cliromosome abnormalitiea occasionally found in these 
patients. 
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